Abstrsct-Current status is addressed for spin polarized transport such as spin-dependent scatterirtg and spin-dependent tunneling in artificial structured magnetic thin films for spin electronic devices . A theoretical research is also shown for ferromagnetic tunnel junctions, which can be compared to the experiments. A new ferromagnetic tunneling structure is proposed.
, Mer the discovery of interlayer exchange coupling [1] and the observation of a giant magnetoresistance (GMR) effect in magnetic multilayers [21, [3) as well as in granular alloy films [4] , [5] a lot of experimental and theoretical investigations have been related to the oscillation of interlayer exchange coupling and spin polarized transport properties. The physical origin of the GMR has been revealed to be spin-dependent scattering of conduction electrons at the interfaces. The spin-valve structures [6] exhibiting low-field GMR have been studied for micro spin-electronic devices such as GMR read heads [7] , [8] for ultrahigh density magnetic recording and magnetic random access memories (MRAM) [9] [10] [11] . The GMR has also stimulated the spin-dependent tunneling in the ferromagnetic tunnel junctions [12] and in granular films with fine metallic particles embedded in an insulating matrix [13] . The magnetoresistance in the ferX'omagnetic tunnel junctions (TMR) overcomes the spin-valve GMR [14] [15] [16] [17] . In this paper the current status is addressed for spin polarized transport such as spin-dependent scattering and spindependent tunneling in artificial structured magnetic thin films such as magnetic superlattices and magnetic tunnel junctions. Ferromagnetic tunnel junctions are reviewed from the point of application, and a theoretical study is described.
A new structure is proposed for a ferromagnetic tunnel junction.
-98- The origin of the GMR in metallic multilayers . attributes to spin-dependent scattering of conduction electrons at int~rfaces as shown schematically in Fig. 1 , in which an external field is applied in the film plane. Conduction electrons with spin parallel to the· ferromagnetic spin has lower scattering at the interfaces than electrons with antiparallel to the ferromagnetic spin due to exchange interaction between conduction electron spins and ferromagnetic spins. This leads to the GMR which depends on the ferromagnetic spin configuration in the multilayers. Mter the observation of the GMR in Fe/Cr multilayers [2J many systems consisting of magnetic-nonmagnetic metals have been found to exhibit the GMR effect. Among them Co/Cu and Co-Fe/Cu systems exhibit the largest MR at RT, which is shown in Fig.2 . The MR exceeds 50% and oscillates with Cu layer thickness. The oscillation behavior is common to the GMR multilayers, and has been revealed to be attributed to the oscillation of the interlayer exchange coupling between ferromagnetic and antiferromagnetic. The oscillation period is determined by extremalspanning vectors of the Fermi surface [18J, and multi-oscillation periods have been observed for the trilayers with flat interfaces [19] .
Ill. SPIN-VALVE
The GMR multilayers have also large saturation field, thus the field sensitivity of the GMR is not high, which leads to the difficulty of applicability of the multilayers to the magnetic recording heads. The spin-valve has been developed to meet the difficulty [6] . The spin-valve structure essentially consists of three layers made of ferromagnetl nonmagnet/ferromagnet with week interlayer coupling. One of the ferromagnet is contacted with anantiferromagnetic layer, by which the ferromagnetic spin is pinned due to the bias field through exchange coupling with the antiferromagnet. Thus, the other ferromagnetic spin can switch freely by a small external field. In the spin-valve applied for GMR heads the sDins of the Dinned and the free layers make 90 • from each other in order that the spins in the free layer can rotate without hysteresis as shown in Fig.3 . 
IV. FERROMAGNETIC TUNNEL JUNCTIONS
The basic principle of ferromagneticinsulator-ferromagnetic (FM-I -FM) spindependent tunneling devices is the dependence of tunneling probability on the relative orientation of magnetizations in the two FM electrodes. In Fig.4 the tunneling probability is higher for parallel magnetization than antiparallel magnetization. According to the models of Julliere [12] , and Maekawa [20] resistivity scatter by sample by sample, which may be due to the conditions of the tunnel barriers. Second, the MR decreases with increasing bias voltage, of which origin has not been revealed yet. Third, the tunnel junctions have relatively high impedance of k Q for 10-3 cm 2 junction area. Thus, when the junction area is decreased to a few square microns, for device applications, its impedance can reach several M Q, inducing noise problems. For optimum device performance, the junction impedance is required in the range of one to a few k Q.
We have investigated theoretically the TMR using one~dimensional tunnel model according to Slonczewski [21] , which consists of two semi~infinite ferromagnetic metals separated by a nonmagnetic insulator [22] . We have evaluated tunneling current by a Tsu-Esaki-type equation extended to spinpolarized systems and the spin-dependent transmission coefficients calculated by a transfer matrix method, which enable us to calculate exactly for any potential barriers. Figure 5 shows the tunnel current density with the barrier width, which de~reases exponentially with the barrier width. The sensitivity of the current density on the barrier width suggests the importance of controlling severely the insulating layer thickness in the experiments. The calculated TMR is shown in Fig.6 as a function of bias voltage, in which the barrier height and barrier width are 3 eV and 1.5nm, respectively. The TMR decreases with increasing voltage in agreement with the experiments, which suggests that the decrease of the TMR with bias voltage is essential in the ferromagnetic tunnel junctions. 
VI. TUNNEL JUNCTIONS ACROSS NANO-STRUCTURED RROMAGNETIC PARTICLES
We have investigated a new tunnel junction, in which a nano-structured magnetic granular mm is sandwiched between two soft ferromagnetic films or a soft ferromagnetic film and a non-ferromagnetic film: The nano~structured granular mm consists of nano.:sized hard magnetic particles embedded in an insulating matrix. If the granular film has high coercive force and its magnetization is hold when the magnetization of the soft magnetic mm is switched, we expect giant magnetoresistance due to the spin-dependent tunneling hetween the ferromagnet and the nano-structured granular film, with a low switching field. The lower resistance of the granular film is expected to lead to a micron feature size tunneling junction with a low impedance. The granular film studied consists of ferromagnetic C080Pt20 nano-sized particles embedded in an insulating 8i02 matrix with about 50 % in volume. The granular mm was prepared hy co-sputtering using the CoPt and the 8i02 targets on a glass suhstrate with a Cr underlayer. Transmission electron microscopy exhihited about 8 nm in diameter of the CoPt particle. Figure 7(a) shows an inplane magnetization curve for a CoPt-8i02 granular film with 13 nm thick, exhibiting a rectangular hysteresis curve with a large coercive force of 2.4 kOe and a remanent ratio of 0.85. This implies that the CoPt particle with 8 nm in diameter is not superparamagnetic but ferromagnetic, due to the high magnetocrystalline anisotropy.
We deposited a soft magnetic mm on the CoPt-8i02 granular film with a Cr underlayer and measured magnetic hysteresis curve, which is shown in Fig.7 (b) for a 20 nm thick CosFe as a ferromagnet. It demonstrates a step-wise hysteresis with a steep decrease of the magnetization at a low field due to the switching of the C09Fe magnetization, followed by the switching of the magnetization of the granular film at a higher field. The TMR measured is shown for the C09Fe/CoPt-8i02 granular/Cr tunnel junction in Fig. 8 , in which the CosFe and CoPt-8i02 granular/Cr films are crossed. An external field was applied to the direction of 45 C hetween the crossed fllms. Thus, the saturation and the mlmmum resistance correspond to 45 Q and parallel between the C09Fe and the granular magnetizations, respectively. Thus, the 0.6% of the MR ratio in Fig.8 corresponds to 4% for the Tl\1:R in eq.
(1). The lower MR may he due to the imperfection of the granular film. 
